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(57) Abstract 

Intravascular apparatus and method for locally treating a patient's blood vessel, are provided. The apparatus includes an implanted 
carrier (2) for insertion into the vessel; and a biologically active agent (8) immobilized to the carrier (2), said biologically active agent 
(8) reacting with a first substance to produce a second substance. The second substance is preferably a therapeutic agent, such as nitric 
oxide, for locally treating the vessel. The biologically active agent (8) is preferably an enzyme such as nitrogen oxide synthase, and the 
first substance is preferably arginine introduced to the patient's body as part of a diet. According to another embodiment, the biologically 
active agent (8) is a catalytic antibody and the first substance is a prodrug. Alternatively, the biologically active agent (8) is a ribozyme. 
The method includes introducing into a patient's vessel an implantable carrier including a biologically active agent immobilized thereto, 
and reacting the biologically active agent with a first substance to locally produce a second substance. 
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INTRAVASCULAR APPARATUS AND METHOD 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to intravascular apparatus and method for 
preventing restenosis of a patient's blood vessel by locally treating a portion of 
the vessel. More particularly, the present invention relates to an implantable 
carrier for insertion into a blood vessel, the carrier including biologically active 
agents immobilized thereto for selectively reacting with a supplied substance to 
locally produce a therapeutic agent. Preferably, the biologically active materials 
are enzymes reacting with a substrate introduced to the patient's body as part 
of his diet to produce a therapeutic agent having cell proliferation inhibiting 
activity. 

It is well known that excessive proliferation of vascular smooth muscle- 
cells contributes to restenosis and reocclusion of coronary arteries following 
procedures such as percutaneous transluminal coronary angioplasty (PTC A), 
artherectomy, laser angioplasty and arterial bypass graft. 

Various attempts have been made to provide intravascular implants for 
preventing restenosis and reocclusion of blood vessels, the implants 
incorporating therapeutic agents such as cell proliferation inhibiting factors for 
locally treating the vessel. Examples are disclosed in U.S. Pat. Nos. 5,314,688, 
5,514,379, 5,512,291, 5,500,013 and 5,429,634. 

However, most of these disclosures provide intravascular devices loaded 
with biologically active agents such as drugs, drug-producing enzymes or drug- 
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producing cells, the biologically active agents being slowly released from the 
device to the circulating blood. 

The maximal amount of such biologically active agents incorporated into 
the intravascular device is limited by the physical dimensions of the device, 
thereby substantially limiting the effective period of treatment. When treating 
restenosis caused by progressive cell proliferation, it is necessary to supply 
therapeutic agents for at least several months in order to produce a substantial 
therapeutic effect. The prior art fails to provide an effective therapeutic 
treatment for such an extended period of time. 

Further, the prior art fails to provide an efficient method for controlling 
the concentration of the therapeutic agent at the site of treatment, or 
alternatively to produce trends in such concentration. 

Further, by using biologically active agents such as drug-producing 
enzymes which are slowly released into the blood circulation, the prior art 
provides a systemic rather than local treatment. Once these drug-producing 
enzymes are released into the circulation, their concentration at the site of 
treatment is significantly diluted and accordingly, their activity is substantially 
diminished. 

Further, because of the systemic nature of such method of therapy, it 
does not enable to use therapeutic agents having a substantially short life time, 
since once such therapeutic agents are in the blood circulation, they are likely 
to loose their activity before having the chance to reach the site of treatment. 
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Further, none of the above disclosures provides apparatus and method 
wherein a therapeutic agent is locally and controllably produced within the 
patient's blood vessel upon provision of an appropriate diet. 

Further, none of the above disclosures provides apparatus and method 
wherein the therapeutic agent is produced by means of biologically active 
agents such as enzymes immobilized to the apparatus. 

There is thus a widely recognized need for, and it would be highly 
advantageous to have, intravascular apparatus and method which provide an 
effective local treatment of a patient's vessel for an extended period of time. 

It would be further advantageous to have such apparatus and method 
wherein the amount of therapeutic agent provided by such apparatus is not 
limited by its physical dimensions. 

It would be further advantageous to have such apparatus and method 
which enable to control the concentration of therapeutic agent at the site of 
treatment, and to produce trends in such concentration. 

Further, it would be advantageous to have such apparatus and method 
which enable to use therapeutic agents having substantially short life-time in the 
systemic circulation. 

Further, it would be advantageous to have such apparatus and method 
wherein a therapeutic agent is locally and controllably produced within the 
patient's blood vessel by providing an appropriate diet. 
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Further, it would be advantageous to have such apparatus and method 
wherein the therapeutic agent is produced by means of biologically active 
agents such as enzymes immobilized to the apparatus. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided an intravascular 
apparatus for locally treating a patient's blood vessel, comprising: (a) an 
implantable carrier for insertion into the vessel; and (b) a biologically active 
agent immobilized to the carrier, the biologically active agent reacting with a 
first substance to produce a second substance. The second substance is 
preferably a therapeutic agent such as nitric oxide for locally treating the 
vessel. The biologically active agent is preferably an enzyme such as nitrogen 
oxide synthase. Preferably, the first substance is arginine and is introduced to 
the patient's body as part of a diet. Alternatively, the biologically active agent 
is a catalytic antibody specifically tailored to react with a specific substrate to 
give a desired therapeutic agent. Alternatively, the biologically active agent is 
a ribozyme. 

According to still further features in the described preferred 
embodiments the biologically active agent is chemically attached to the 
implantable carrier. Alternatively, the biologically active agent is entrapped 
within a polymeric network covering the implantable carrier. 
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According to another embodiment the first substance is an undesirable 
agent at the site of treatment. The biologically active agent may be an enzyme 
having anti thrombogenic activity, such as Tissue Plasminogen Activator. 
Alternatively, the biologically active agent is a catalytic antibody. Alternatively, 
the biologically active agent is a ribozyme. 

According to the present invention there is further provided a method for 
locally treating a patient's vessel, comprising: (a) introducing into a patient's 
vessel an implantable carrier including a biologically active agent immobilized 
thereto; and (b) reacting the biologically active agent with a first substance to 
locally produce a second substance. Preferably, the method further comprises 
introducing the first substance to the patient's body. Further, the method 
preferably comprises controlling the concentration of the second substance by 
changing the concentration of the first substance introduced to the patient's 
body. Preferably, the first substance is introduced to the patient's body as part 
of a diet. 

The present invention successfully addresses the shortcomings of the 
presently known configurations by providing an intravascular apparatus and 
method which provide an effective local treatment of a patient's vessel for an 
extended period of time. Further, the present invention addresses the 
shortcomings of the presently known configurations by providing an 
intravascular apparatus and method wherein the total amount of therapeutic 
agent provided by such apparatus is not limited by its physical dimensions. 
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Further, the present invention addresses the shortcomings of the presently 
known configurations by providing an intravascular apparatus and method 
which enable to control the concentration of therapeutic agent at the site of 
treatment, and to produce trends in such concentration. Further, the present 
invention addresses the shortcomings of the presently known configurations by 
providing an intravascular apparatus and method which enable to use 
therapeutic agents having substantially short life-time in the systemic 
circulation. 

The present invention discloses a novel intravascular apparatus and 
method wherein a therapeutic agent is locally and controllably produced within 
the patient's blood vessel upon introduction of an appropriate diet. Further, the 
present invention discloses a novel intravascular apparatus and method wherein 
the therapeutic agent is produced by means of biologically active agents such 
as enzymes immobilized to the apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 
reference to the accompanying drawing, wherein: 

FIG. 1 is a schematic illustration of a preferred embodiment of an 
intravascular apparatus according to the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of intravascular apparatus and method for 
preventing restenosis of a patient's vessel by locally treating a portion of the 
vessel. 

The principles and operation of apparatus and method according to the 
present invention may be better understood with reference to the drawing and 
the accompanying description. 

Figure 1 illustrates a preferred embodiment of intravascular apparatus 
according to the present invention. As shown in the figure, the intravascular 
apparatus comprises an implantable carrier such as a conventional stent 2 for 
insertion into a patient's blood vessel, the stent including biologically active 
agents 8 such as enzymes attached thereto. Biologically active agents 8 are 
preferably immobilized to outer surface 4 and inner surface 6 of stent 2. 

Preferably, stent 2 has a shape of a spiral. Alternatively, stent 2 has a 
shape of a solid cylinder, a perforated cylinder, a mesh, or any other shape. 

Stent 2 is preferably made of metal such as platinum, gold, titanium, and 
nickel. Alternatively, stent 2 may be made of metal alloys such as stainless 
steel and nickel-titanium alloy (nitinol). Alternatively stent 2 may be made of 
non-degradable polymers or copolymers such as polyethylene, polypropylene, 
poly(acrylic acid), poly (ethylene oxide), and poly (ethylene oxide-co-propylene 
oxide). 
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Preferably, stent 2 is coated with a layer of a crosslinked polymer, or 
alternatively protein, so as to confer biocompatibility characteristics to the 
stent. 

Preferably, biologically active agent 8 reacts with a supplied substance 
to produce a predetermined therapeutic agent. Preferably, biologically active 
agent 8 is an enzyme and the supplied substance is a specific substrate 
introduced into the patient's body as part of a diet. 

According to a preferred embodiment of the present invention, the 
enzyme is nitrogen oxide synthase, and the substrate is the natural amino acid 
arginine which is easily introduced into the patient's blood circulation as part 
of an appropriate diet. The products of such enzymatic reaction are citrulline 
and nitric oxide (NO), the latter having a cell proliferation inhibiting activity. 

Thus, according to the present invention, the therapeutic agent is locally 
produced upon introduction of an appropriate substance. The substance may be 
continuously introduced into the patient's body as long as the treatment is 
needed. Therefore, the maximal amount of therapeutic agent which may be 
supplied for treating the blood vessel is not limited by the physical dimensions 
of the apparatus. 

The life time of the apparatus is however limited by the life time of the 
biologically active agent. For example, when the biologically active agent is an 
enzyme, the biological activity of the enzyme lasts for at least several months, 
which is the time needed for inducing a substantial therapeutic effect. 
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A treatment according to the present invention may be terminated at any 
time by using inhibitors for blocking the activity of biologically active agent 8 
or by dissociating the bonds between biologically active agent 8 and stent 2. 

According to the present invention the concentration of the therapeutic 
agent supplied at the site of treatment is controllable, simply by controlling the 
concentration of the substance introduced into the patient body. Further, the 
present invention allows to produce trends in the concentration of the 
therapeutic agent. 

For example, when the therapeutic agent is nitric oxide produced by 
reacting nitrogen oxide synthase and arginine, the amount of nitric oxide at the 
site of treatment depends mainly on the concentration of arginine circulating in 
the blood. The latter can be altered as required by the physiological condition 
of the patient and by the nitric oxide concentration needed for an effective 
therapy. Thus, when alteration of the nitric oxide concentration are called for 
by the therapeutic requirements, these may be achieved by merely altering the 
amount and concentration of arginine supplied to the patient as part of his diet. 

Further, the present invention enables to use therapeutic agents having 
a substantially short life time, since the therapeutic agent is locally produced 
at the site of treatment. 

For example, the life time of nitric oxide in blood circulation is very 
short (of the order of magnitude of seconds). Once in the blood circulation, 
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nitric oxide is converted into nitrite and nitrate. However, since nitric oxide is 
locally produced at the site of treatment, it has the opportunity to induce the 
required therapeutic effect before being washed away by the blood stream and 
converted into the inactive species nitrite and nitrate. 

According to the present invention, biologically active agents 8 may be 
chemically attached onto the surface of stent 2, or alternatively may be 
entrapped within a polymeric hydrogel network that covers the stent. 

When using enzymes and a metallic stent, the enzymes may be 
chemically attached to the stent by means of the following procedure: (i) 
treatment of the stent with 3-aminopropyl thriethoxysilane; (ii) treatment with 
glutaraldehyde; and (iii) coupling of the enzyme. 

Alternatively, the enzymes may be entrapped within a polymeric 
hydrogel network covering the stent by means of the following procedure: (i) 
treatment of the stent with 3-acryloxypropyl trimethoxysilane; and (ii) 
photopolymerization of a mixture of the enzyme and alpha, omega-diacryloyl 
polyethylene glycol. 

According to another preferred embodiment, biologically active agent 8 
is a catalytic antibody which reacts with the supplied substrate (a prodrug) to 
give a therapeutic agent. 

By using a catalytic antibody specifically tailored to react with a specific 
substance (Molecular Biology and Biotechnology, Robert M. Myers Ed., VCH 
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1995), such embodiment enables to locally produce any desired therapeutic 
agent. 

Alternatively, biologically active agent 8 is a catalytic RNA molecule 
(ribozyme). The ribozyme may be specifically engineered (Molecular Biology 
and Biotechnology, Robert M. Myers Ed., VCH 1995) so as to specifically 
cleave a certain substance. The ribozyme may be a ribonucleoprotein enzyme 
(RNP). 

According to yet another preferred embodiment, biologically active agent 
8 reacts with a substance having an undesirable effect at the site of treatment 
to produce an agent having a neutral effect. 

Preferably, biologically active agent 8 is an enzyme such as superoxide 
dismutase which reacts with superoxide, the latter being an undesirable 
substance at the site of treatment when using nitric oxide as a therapeutic agent. 
Superoxide reacts with nitric oxide to give peroxy nitrite, thereby substantially 
reducing the concentration of nitric oxide at the site of treatment, thereby 
reducing the therapeutic effect. 

Alternatively, biologically active agent 8 is an enzyme such as Tissue 
Plasminogen Activator which is a platelet anti-aggregation factor. Thus, 
incorporation of such an enzyme into stent 2 is likely to cancel eventual 
thrombogenicity of the apparatus and the blood vessel. 
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Alternatively, biologically active agent 8 is a catalytic antibody which 
reacts with a substrate having an undesirable effect at the site of treatment to 
produce an agent having a neutral effect. 

By using a catalytic antibody specifically tailored to react with a specific 
substance (Molecular Biology and Biotechnology, Robert M. Myers Ed., VCH 
1995), such embodiment enables to remove any substance having an 
undesirable effect at the site of treatment. Further, such embodiment enables 
to remove any substance having a systemic undesirable effect. 

Alternatively, biologically active agent 8 is a catalytic RNA molecule 
(ribozyme). The ribozyme may be specifically engineered (Molecular Biology 
and Biotechnology, Robert M. Myers Ed., VCH 1995) so as to specifically 
cleave a targeted substance. The targeted substance is preferably a DNA or 
RNA molecule having an undesirable biological effect. The ribozyme may be 
a ribonucleoprotein enzyme (RNP). 

According to further features of the preferred embodiments, materials 
having anti-thrombogenic and anti-platelet aggregation activity may be 
incorporated into stent 2. Such materials may include, for example, heparin, 
low molecular weight heparin fragments, and sulfated polysaccharides. Such 
anti thrombogenic materials may be chemically bound to the stent or to a 
polymeric hydrogel layer covering the stent. Alternatively, such materials may 
be entrapped within a polymeric hydrogel layer covering the stent. 
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Other preferred materials which may be incorporated into stent 2 include 
drugs such as Aspirin or Ticlopidine, the drugs being slowly releasable from 
stent 2 during the first few days of implantation so as to reduce thrombus 
formation. 

Further, biocompatibility inducing factors such as polyethylene glycol 
(PEG) chains may be chemically bound to stent 2 for conferring good 
biocompatibility characteristics to the stent. 

A dense array of such PEG chains also slows down the outward 
diffusion of the nitric oxide produced in the apparatus, thereby allowing to 
achieve a high local concentration of nitric oxide at the site of treatment. 
Further, PEG chains prevent the deposition of cellular elements from the blood. 

While the invention has been described with respect to a limited number 
of embodiments, it will be appreciated that many variations, modifications and 
other applications of the invention may be made. 
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WHAT IS CLAIMED IS: 

1. An intravascular apparatus for locally treating a patient's vessel, 
comprising: 

(a) an implantable carrier for insertion into the vessel; and 

(b) a biologically active agent immobilized to said carrier, 

said biologically active agent reacting with a first substance to produce a second 
substance. 

2. The apparatus of claim 1, wherein said second substance is a 
therapeutic agent for locally treating the vessel. 

3. The apparatus of claim 2, wherein said therapeutic agent is nitric 

oxide. 

4. The apparatus of claim 1, wherein said biologically active agent 
is an enzyme. 

5. The apparatus of claim 4, wherein said enzyme is nitrogen oxide 
synthase. 

6. The apparatus of claim 4, wherein said enzyme is superoxide 
dismutase. 

7. The apparatus of claim 4, wherein said enzyme is Tissue 
Plasminogen Activator. 

8. The apparatus of claim 1, wherein said first substance is 
introduced to the patient's body as part of a diet. 

9. The apparatus of claim 1 , wherein said first substance is arginine. 
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10. The apparatus of claim 1, wherein said first substance is an 
undesirable substance at the site of treatment. 

11. The apparatus of claim 10, wherein said first substance is 
superoxide. 

12. The apparatus of claim 1, wherein said biologically active agent 
is a catalytic antibody. 

13. The apparatus of claim 1, wherein said biologically active agent 
is a ribozyme. 

14. The apparatus of claim 1, wherein said carrier is a stent. 

15. The apparatus of claim 1, wherein said biologically active agent 
is chemically attached to said implantable carrier. 

16. The apparatus of claim 1, wherein said biologically active agent 
is entrapped within a polymeric network covering said implantable carrier. 

17. An intravascular apparatus for locally treating a patient's vessel, 
comprising: 

(a) a stent for insertion into the vessel; and 

(b) a biologically active agent immobilized to said stent, 

said biologically active agent reacting with a first substance to locally produce 
a therapeutic agent. 

18. The apparatus of claim 17, wherein said first substance is 
introduced to the patient's body as part of his diet. 



INSDOCID: <WO 99099 12A1J_> 



WO 99/09912 



PCT/US98/16823 



16 

19. The apparatus of claim 17, wherein said biologically active agent 
is an enzyme. 

20. The apparatus of claim 17, wherein said biologically active agent 
is a catalytic antibody. 

21 . The apparatus of claim 17, wherein said biologically active agent 
is a ribozyme. 

22. A method for locally treating a patient's vessel, comprising: 

(a) introducing into a patient's vessel an implantable carrier including 
a biologically active agent immobilized thereto; and 

(b) reacting said biologically active agent with a first substance to 
locally produce a second substance. 

23. The method of claim 22, further comprising introducing said first 
substance to said patient's body. 

24. The method of claim 22, further comprising controlling the 
concentration of said second substance by changing the concentration of said 
first substance introduced to the patient's body. 

25 . The method of claim 22, wherein said first substance is introduced 
to the patient's body as part of a diet. 

26. The method of claim 25, further comprising controlling the 
concentration of said second substance by changing said diet. 

27. The method of claim 22, wherein said second substance is a 
therapeutic agent for locally treating the vessel. 
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28. The method of claim 27, wherein said therapeutic agent is nitric 

oxide. 

29. The method of claim 22, wherein said biologically active agent 
is an enzyme. 

30. The method of claim 29, wherein said enzyme is nitrogen oxide 
synthase. 

31. The method of claim 29, wherein said enzyme is superoxide 
dismutase. 

32. The method of claim 29, wherein said enzyme is Tissue 
Plasminogen Activator. 

33. The method of claim 22, wherein said first substance is arginine. 

34. The method of claim 22, wherein said first substance is an 
undesirable substance at the site of treatment. 

35. The method of claim 34, wherein said first substance is 
superoxide. 

36. The method of claim 22, wherein said biologically active agent 
is a catalytic antibody. 

37. The method of claim 22, wherein said biologically active agent 
is a ribozyme. 
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